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Method of calibrating a microwa ve source 
BACKGROUND OF THE INVENTION 

The present invention relates to a method for calibrating a 
microwave source. It can notably be applied to the phase calibration of the 
5 elementary sources of an array antenna. 

An array antenna comprises an array of phase-controlled 
elementary sources, each source being connected to a radiating element. By 
controlling the phases of the elementary sources in a suitable manner, a 
plane wave can be created in a desired direction. An electronic sweep can 
10 thus be carried out, in other words the direction of the main lobe can be 
modified by controlling the phases of the various sources. 

However, elementary sources can go out of adjustment, producing 
a different phase from the setpoint phase. These phase differences lead to 
limitations in the performance of the sweep. They can notably result in a 
15 reduction in gain of the antenna, a distortion of the main lobe, an increase in 
the level of the secondary lobes and a deviation of the electromagnetic axis. 

A known solution is to carry out periodic calibrations of the phase 
of each elementary source. In order to perform a calibration of an elementary 
source : 

20 - a calibration circuit is closed, the calibration circuit comprising an injection 
channel connected to a measurement channel via the source to be 
calibrated; 

- a test signal is injected through the source to be calibrated, the test signal 
being injected on the injection channel, 
25 - the phase q> m of the signal having passed through the source to be 
calibrated is measured, the phase of the signal being measured on the 
measurement channel. 

However, microwave interference exists that causes errors in the 
phase measurements of each elementary source. 

30 

SUMMARY OF THE INVENTION 

One aim of the invention is to improve the calibration by correcting 
for the microwave interference coming from the imperfect electromagnetic 
isolation of the calibration circuit. 
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For this purpose: 

- the amplitude A m of the signal having passed through the source is 
measured, the amplitude of the signal being measured on the 
measurement channel; 

5 - the calibration circuit is opened at the element to be calibrated; 

- the test signal is injected on the injection channel; 

- the phase q> f and the amplitude A f of the signal present on the 
measurement channel is measured; 

- a corrected phase value cp c is determined, this corrected phase being the 
10 phase of a complex number U c , calculated from two complex numbers U m 

and Uf, where: 

U m =A m ^(i<p m ) 

15 U f =A f exv(i-<p f ) 

The calibration according to the invention has the advantage of 
being usable in array antennas, even when one of the sources 
(malfunctioning) will not deactivate. The invention allows a malfunctioning 
20 source to be tested and localized using the same measurement results. 

BRIEF DESCRIPTION TO THE DRAWINGS 

Other characteristics and advantages of the invention will become 
apparent upon reading the following detailed description, presented as a non- 
25 limiting illustration and with reference to the appended figures which show: 
Figure 1 , an example of radar equipped with a calibration circuit; 
Figure 2, a source to be calibrated in the radar of the example shown in 
Figure 1 ; 

Figure 3, an example of microwave selector usable in the calibration 
30 circuit shown in Figure 1; 

Figures 4 and 5, a two-position microwave switch, each figure showing 
the switch in a different position; 

Figure 6, a geometrical representation of complex numbers involved in 
the implementation of the invention; 
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Figure 7, an example of array antenna, where the radar is equipped with 
a calibration circuit; 

Figure 8, an example of array antenna configured with two passive 
distributor stages, where the radar is equipped with a calibration circuit. 

5 

DETAILED DESCRIPTION 

Reference is now made to Figure 1 in which an example of radar 
equipped with a calibration circuit is shown. 

The radar can operate in transmission mode or in reception mode. 

10 When the radar operates in transmission mode, a signal generator T1 
delivers microwave pulses. The microwave pulses propagate on a 
transmission channel V2, V4. They are then channeled by means of a 
circulator R1 toward a transmission and reception channel V5. The 
transmission and reception channel V5 comprises a controllable source M 

15 and a radiating element W. The microwave pulses are transmitted in the form 
of waves by the radiating element W. 

When the radar operates in reception mode, the radiating element 
W receives microwaves. The radiating element W converts the waves into a 
microwave frequency signal that propagates on the transmission and 

20 reception channel V5. The signal is then channeled by means of the 
circulator R1 onto a reception channel V6. The reception channel comprises 
an amplifier A2. A receiver with synchronous demodulation T2 allows the 
microwave signal received to be transposed into a video signal. The video 
signal is digitized by an analog-to-digital converter (ADC) T6. The amplitude 

25 and the phase of the digitized signal are stored in a memory T5. 

Reference is now made to Figure 2, in which an example of a 
source M is shown. The source can be of the modular type. It can be active 
or passive. The source shown is an active source. The active elements of the 
source comprise a power amplifier A3, designed to amplify the microwave 

30 signal in transmission mode, and a low-noise amplifier A4, designed to 
amplify the microwave signal in reception mode. The amplifiers A3 and A4 
are each on their own channel, the two channels being combined by a 
circulator R2 on the side of the radiating element, and a two-position selector 
R3 with three input-outputs on the other side. 
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The amplifiers A3 and A4 can be controllable. When an amplifier 
receives the stop command, its power supply turns off. When it receives the 
start command, the amplifier is powered up. When the stop command is sent 
to the amplifier A3 and/or A4, the microwave channel of the corresponding 
5 amplifier is opened. Thus, the source can be deactivated, in transmission 
and/or reception mode, by interrupting the power supply of the amplifier A3 
and/or A4. 

The source M also comprises a controllable phase-shifter E2 that 
allows the phase of the microwave signals to be modified in transmission or 

10 reception mode. The source M can also comprise a controllable attenuator 
E1 . The controllable attenuator allows the amplitude of the microwave signals 
to be modified in transmission or reception mode. The attenuator E1 and the 
phase-shifter E2 can be of the programmable-bit type. 

With reference to Figure 1 , the radar also comprises an integrated 

15 calibration circuit. This circuit comprises a microwave selector K with four 
input-outputs P1 to P4. A command is sent to the selector K to direct the 
microwave signal along the desired path between its input-outputs. The 
selector K is placed in the transmission channel V2, V4 between the amplifier 
A1 and the circulator R1 . The output of the amplifier A1 is connected to the 

20 input-output P4. The input of the circulator R1 is connected to the input- 
output P2. The calibration circuit also comprises two microwave channels V1 
and V3. The microwave channel V1 connects the input-output P1 of the 
selector K to a first microwave coupler C1 . The coupler C1 is placed between 
the radiating element W and the source M. The microwave channel V3 

25 connects the input-output P3 to a second microwave coupler C2. The 
microwave coupler C2 is placed between the amplifier A2 and the receiver 
T2. The respective channels V1 and V2 are terminated by matched loads at 
the respective couplers C1 and C2. The purpose of the load, for example 50 
ohm, is to avoid parasitic reflections onto the calibration circuit. 

30 Reference is now made to Figure 3 in which an examplary 

embodiment of the selector K is shown. The selector K comprises for 
example three switches K1, K2, K3. Each switch is a two-position switch, 
having four input-outputs connected together in pairs, a command (denoted 0 
or 1) allowing the configuration of the switch to be changed. A first input- 

35 output of the switch K2 forms the input-output P1 of the selector K. A second 
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input-output of the switch K2 forms the input-output P3 of the selector K. A 
third input-output of the switch K2 is connected to a first input-output of the 
switch K3. A second input-output of the switch K3 is connected to a first 
input-output of the switch K1. A third input-output of the switch K3 is 

5 connected to the fourth input-output of the switch K2. The fourth input-output 
of the switch K3 is connected to a load. A second input-output of the switch 
K1 forms the input-output P4 of the selector K. A third input-output of the 
switch K1 forms the input-output P2 of the selector K. The fourth input-output 
of the switch K1 is connected to a load. 

10 Reference is now made to Figure 4 in which the switch K1 is 

shown in a first position, set by a 0 command. In this position, the first input- 
output is connected to the second; the third input-output is connected to the 
fourth. 

Reference is now made to Figure 5 in which the switch K1 is 
15 shown in the second position (also shown in Figure 3), set by a 1 command. 
In this second position, the first input-output is connected to the fourth; the 
second input-output is connected to the third. 

When the switch K2 is in a first position (shown in Figure 3), set by 
a 0 command, the first input-output is linked with the second; the third input- 
20 output is connected to the fourth. In the second position (not shown), set by a 
1 command, the first input-output is connected to the fourth; the second 
input-output is connected to the third. 

When the switch K3 is in a first position (shown in Figure 3), set by 
a 0 command, the first input-output is connected to the second; the third 
25 input-output is connected to the fourth. In the second position (not shown), 
set by a 1 command, the first input-output is connected to the fourth; the 
second input-output is connected to the third. 

With reference to Figure 1, the radar comprises a computation unit 
T4 functionally connected to the memory T5, on the one hand, and to a 
30 control unit T3, on the other. The control unit allows commands to be sent for 
controlling the sources (phase-shifter, attenuator, amplifiers, selector), the 
selector (switches K1 , K2, K3), and the amplifiers A1 and A2. 

The calibration circuit allows the transmission or reception mode to 
35 be calibrated. A calibration of the transmission mode is now described. The 
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calibration according to the invention can be performed from at least two 
measurements, whose order is immaterial. 

During a first measurement, henceforth referred to as test 
measurement, the selector K is configured so as to connect, on the one 
5 hand, the input-output P4 with the input-output P2 and, on the other, the 
input-output P1 with the input-output P3. The switch K1 receives the 
command 1, the switch K2 receives the command 0, the switch K3 receives 
the command 0 or 1. The amplifier A3 (see Figure 2) receives the start 
command. The amplifier A4 receives the stop command. The generator T1 

10 emits a test signal at a given frequency. This test signal propagates, as when 
the radar is in transmission mode, through the transmission channel V4, V2, 
the circulator R1 t the transmission-reception channel V5 and the source M. 
The coupler C1 allows a fraction of this signal to be sampled on the channel 
V1 . The fraction of signal sampled then propagates on the channel V3 as far 

15 as the receiver T2 (via the coupler C2). The receiver measures the phase q> m 
and the amplitude A m of this signal. This first measurement is stored in the 
memory T5. 

During a second measurement, henceforth referred to as 
interference measurement, the selector K is configured in the same manner 

20 as for the test measurement. However, the calibration circuit is open in the 
source M. For this purpose, the amplifier A3 receives the stop command. The 
generator emits the same test signal as during the test measurement. Since 
the calibration circuit is open, no signal should be received by the receiver. 
However, a signal originating from leaks or from interference between the 

25 various microwave elements propagates as far as the receiver. The receiver 
T2 measures the phase (p f and the amplitude A f of this interfering (or 
'leakage') signal. 

Reference is now made to Figure 6, which shows a geometrical 
representation of complex numbers involved in the implementation of the 
30 invention. The following complex notations are used: 

U f =A r exp(i-<p f ) 

35 
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According to one embodiment of the invention, a complex number 
U c is determined, which represents the value that the complex number U m 
5 should have in the absence of interference: 

The complex number U c can be represented in the complex plane 
10 (see Figure 6) as a difference of two vectors (U m and U f ). The phase <p c and 
the amplitude Ac of U c can be determined from the following equations: 

4 = 4 A l +A f - 2 '4» * A f * cos (^ +<Pc) 
15 q> c = ATAN 2(A m • cos{<p m ) - A f ■ cos(p f ) ; A m • sinfo, )-A f - sin(^ f )) , 

where ATAN2(x, y) is a function that returns an angle which is the arctangent 
of the coordinates x and y, this angle being in the range -180° to 180°, 
excluding -180°. 

20 The invention allows the errors caused by the interference during 

the phase calibrations to be corrected, without however requiring the 
modification of the calibration circuit. 

According to one advantageous embodiment, a third 
25 measurement, henceforth referred to as reference measurement, is carried 
out, it being understood that the order in which the measurements are 
performed is immaterial. The reference measurement is effected by coupling 
the output of the generator T1 toward the receiver T2. The selector K is 
configured so that the input-output P4 is linked with the input-output P3. The 
30 switch K1 receives the command 0, the switch K2 receives the command 1, 
the switch K3 receives the command 0. In this manner, the transmission 
channel V4 (with the amplifier A1) is directly connected to the receiver T2. In 
this configuration of the selector, the generator T1 emits the same test signal 
as for the other two measurements (test and interference). The receiver T2 
35 measures the phase cp r and, where required, the amplitude A r of this signal, 
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called reference signal. This additional measurement is stored in the memory 
T5. 

The reference measurement can be carried out during each 
calibration. It allows the problem of long-term fluctuations (for example over 
5 30 minutes) between two successive calibrations of the source M to be 
overcome, where these fluctuations can originate from fluctuations in the test 
signal delivered by the generator T1 . 

Using the same complex notation, the reference measurement can 
be represented by a complex number U r : 

o 

U r =4 -exp(i <p r ) 



A phase cp and an amplitude A can be determined that are 
corrected for the fluctuations in the generator and in the receiver, and also for 
15 the interference in the calibration circuit: 

U m -U f u 

JJ _ m J_ __ c 

u ~ u 

w r r 



with 
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U = A- exp(z • <p) 



Contrary to the two previous measurements (test and 
interference), measuring the amplitude A r is not necessary when it is desired 
25 to calibrate only the phase of the source: 

<P = <P c -<Pr 



Now, a calibration of the reception mode is described. This 
30 calibration comprises the same measurements as those performed for the 
calibration of the transmission mode, but with the selector K configured 
differently. 

During the test measurement, the selector K is configured so as to 
link the input-output P4 with the input-output P1. The switch K1 receives the 
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command 0, the switch K2 receives the command 1 , the switch K3 receives 
the command 1 . The amplifier A4 (see Figure 2) receives the start command. 
The generator T1 emits a test signal at a given frequency. This test signal 
propagates through a portion of the transmission channel V4, the channel 
5 V1, then through the coupler C1. The signal then propagates, as when the 
radar is in reception mode, through the source M, the transmission-reception 
channel V5, the circulator R1 and the amplifier A2, as far as the receiver T2. 
The receiver measures the phase q> m and the amplitude Am of this signal. The 
test measurement is stored in the memory T5. 

10 During interference measurements, the selector K is configured in 

the same manner as for the test measurement. However, the calibration 
circuit is open at the source M. For this purpose, the amplifier A4 receives the 
stop command. In the same way as for the calibration of the transmission 
mode, the receiver T2 measures the phase cpf and the amplitude Af of the 

15 interfering signal. 

Subsequently, the same processing is carried out with the test and 
interference measurements. A reference measurement can also be 
performed (see above), this measurement being the same whether the 
transmission or reception mode is being calibrated. 

20 

Whether for the calibration of the transmission or reception mode, 
the calibration circuit is closed, the calibration circuit comprising an injection 
channel connected to a measurment channel via the source M to be 
calibrated. For calibrating the transmission mode, the injection channel is 

25 formed by the transmission channel V4, V2, V5; and the measurement 
channel is formed by the channel V1, V3 coupling the source M to the 
receiver T2. For calibrating the reception mode, the injection channel is 
formed by the channel V4, V1 bringing the signal to the source M; and the 
measurement channel is formed by the reception channel V5, V6. 

30 In order to carry out the first measurement, a test signal is injected 

through the source to be calibrated M, the test signal being injected on the 
injection channel, the phase (p m of the signal having passed through the 
source to be calibrated is measured, the phase of the signal being measured 
on the measurement channel, the amplitude Am of the signal having passed 
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through the source to be calibrated is measured, the amplitude of the signal 
being measured on the measurement channel. 

In order to carry out the second measurement, the calibration 
circuit is opened at the source to be calibrated. In this example, the circuit is 
5 opened during a calibration of the transmission or reception mode, 
respectively, by turning off the power to the respective amplifier A3 or A4 
(with a stop command). The test signal is injected on the injection channel, 
the phase cpf and the amplitude A f of the signal present on the measurement 
channel is measured. 
10 With these two measurements, whose order is immaterial, value of 

the corrected phase cp c is determined, this corrected phase being the phase 
of the complex number U c . 

Reference is now made to Figure 7 in which an example of array 
15 antenna equipped with a calibration circuit is shown. The calibration circuit 
shown in Figure 1 is modified by adding an array of sources M and of 
radiating elements W. An index p, varying from 1 to P, is used to differentiate 
the elements (sources, radiating elements) of the array. 

Two passive microwave distributors D1, D2 are respectively added 
20 onto the channels V1 and V5. These distributors allow a microwave channel 
to be separated into P sub-channels, the power of the signal being divided by 
P on each of these sub-channels. 

The distributor D2 separates the channel V5 into P transmission 
and reception sub-channels V5(p). Each transmission and reception sub- 
25 channel V5(p) comprises a radiating element W(p) and a source M(p). All the 
sub-channels V5(p) come together at the distributor D2 to form the channel 
V5, that is connected to the circulator R1 . 

The distributor D1 separates the channel V1 into P sub-channels 
V1(p). A coupler C1(p) terminates each sub-channel V1(p). Consequently, 
30 the input-output P1 of the selector K is connected to P couplers C1(p). 

The calibrations are effected for each element of the array. 
Consequently, for a given frequency, P calibrations of the emission mode 
and P calibrations of the reception mode are carried out. 

For a given index p, the calibration of the reception or transmission 
35 mode of the source M(p) comprises the same steps as those described 
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hereinabove, the only difference being that the other sources M(k) with k 
different from p are deactivated. In order to deactivate a source M(k), the 
power supply to the amplifiers A3(k) and A4(k) is interrupted. 

Consequently, the interference measurement (phase q> f and 
5 amplitude A f ) is the same for all the indices p. The same measurement can 
thus be used when p varies. In complex notation, the interference correction 
operation can be expressed as: 

U € {p) = U m {p)-U f 

10 

In an array antenna such as that shown in Figure 7, the 
interference has a relative level that is non-negligible with respect to the 
signal. Indeed, the distributors D1, D2 cause significant losses, if only for the 
fact that the power is divided by P. It is therefore necessary to transmit a 
15 high-power signal. Moreover, in order to limit the overall size, the various 
elements (such as the passive distributors) are located close together, which 
induces parasitic coupling. Consequently, the transmitted (high power) signal 
may, by electromagnetic coupling, be found on the reception channel. The 
invention allows this interference problem to be overcome. 

20 

Some sources of an array antenna may fail. It can notably happen 
that one of the sources M(k) does not respond to the deactivation 
commands. In other words, the power supply of the amplifier A3(k) or A4(k) 
does not turn off despite a command to this effect. 

25 In conventional calibration methods, it is then no longer possible to 

perform the calibration. Indeed, since the deactivation of the source M(k) is 
impossible, the sum of the signals of the sources M(k) and M(p) is obtained 
when the calibration of the source M(p) is carried out. The method according 
to the invention allows this problem to be solved. Indeed, the signal coming 

30 from the source M(k) is found both in the term U m and in the term U f . It can 
therefore be eliminated by taking the difference of the two terms. 

According to one advantageous embodiment, the amplitude Ac is 
measured, and this amplitude is compared with a given threshold in order to 
detect failures. When the amplitude Ac is below the threshold, the failure is 

35 detected. In this way, the deactivation failures that the amplification failures 
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(failure resulting in an abnormal drop in the power of the source) are 
detected. 

The invention allows the position of the defective sources 
(deactivation failure or amplification failure) to be localized even if several 
5 sources of the array are simultaneously defective. 

When a calibration of an array antenna is performed, it is desirable 
to reduce the calibration time as far as possible in order to avoid mobilizing 
the radar for too long a time. For this purpose, the same interference 
10 measurement can be used for several calibrations, as described 
hereinabove. However, fluctuations in the receiver or in the generator can 
lead to a degradation in the efficacy of the calibration. 

According to one advantageous embodiment, a corrective term a 
is added to the interference measurement, this corrective term being a 
15 complex coefficient correcting the fluctuations over time between the 
interference measurement and the test measurement. 

The previous equation becomes: 

U c {p) = U m {p)-a-U f 

20 

The term a may be determined by taking the ratio between two 
reference measurements, a first reference measurement being concomitant 
with the test measurement and the other reference measurement being 
concomitant with the interference measurement. Measurements are deemed 

25 to be concomitant if they are both acquired within a short enough period of 
time such that the fluctuations over time become negligible. Accordingly, the 
fluctuations in the interference measurement can be corrected. 

For example, for a given frequency, a reference measurement 
followed by a calibration measurement can be carried out at a time t 0 . These 

30 measurements are denoted U r (t 0 ) and Uf(t 0 ). A test measurement and a 
reference measurement is then performed for each value of p, these 
measurements being performed at a time t p . The phase and/or the amplitude 
of the number U c (p) are then determined, which number is defined by the 
following equation: 

35 
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U e {p) = U m (p)-a(t p )u f {t 0 ) 



with 



The phase and/or the amplitude of U c (p), in other words the 
amplitude and the phase corrected for interference, are determined by the 
following equations: 

10 

A (p) = Jti W+ 4 (t p )~ 2 • Al [p). A) (t p ). cos(<p m {p)+ V f (p)) 
<Pc (p) = ATAN 2(Re(U c (p)) ; lm(U c (p))) 



15 with 



20 



MuM= A m {p)-cos(<p m {p))-A< f (t p )-cos(<p' f (t p )) 

MuM=AM-M<pM)-A' f (t P )Mp' f (0) 



25 Of course, several test measurements can be carried out for one 

reference measurement. For example, one reference measurement can be 
performed for every five test measurements, where the total number of test 
measurements can be of the order of 1000. 



30 Advantageously, the long-term fluctuations over time are also 

corrected for, as described above: 
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T r(„\- U c(p) 
U{P) -^) 



This correction allows the problem of fluctuations between the 
calibrations of the two sources to be overcome, if there is a significant lapse 
5 of time separating these two calibrations. This is especially the case for array 
antennas comprising a large number of elements, for which the calibration of 
all the elements lasts for a time that is long enough for the fluctuations to be 
perceptible. 

10 Reference is now made to Figure 8 in which an example of array 

antenna configured with two passive distributor stages is shown, where the 
radar is equipped with a calibration circuit. This radar comprises elements 
that are common with the radar systems shown in Figures 1 and 7. 

Starting from the signal generator T1, the radar transmission 

15 channel comprises: 

- the transmission channel V4 in which the amplifier A1 is placed, the 
transmission channel V4 being connected to the input-output P4 of the 
selector K; 

- the transmission channel V2 in which a first passive distributor D5 is 
20 placed, the transmission channel V2 being connected to the input-output 

P2 of the selector K, the passive distributor dividing the transmission 
channel V2 into Q sub-channels, denoted V2(q); 

- amplifiers A5(q), an amplifier A5(q) being placed in each sub-channel 
V2(q); 

25 - transmission and reception sub-channels V5(q), there being a number Q 
of these sub-channels, each sub-channel V5(q) being connected to a sub- 
channel V2(q) by a circulator R2(q); 

- passive distributors D2(q), each passive distributor being placed in a sub- 
channel V5(q) that it divides into P other sub-channels V5(p,q); 

30 - sources M(p,q) and radiating elements W(p,q) placed in each sub- 
channel V5(p,q). 

With respect to the previous architecture, the amplifiers A5 have 
been added. These provide compensation for the losses at the output of the 
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passive distributor D5, which compensation improves the performance of the 
radar. 

The radar reception channel comprises: 

- the radiating elements W(p,q) and the sources M(p,q); 
5 - the passive distributors D2(q); 

- the circulators R2(q); 

- reception sub-channels V6(q), each sub-channel being connected to a 
circulator R2(q); 

- a distributor D4, combining the Q sub-channels V6(q) to form the 
10 reception channel V6; 

- the amplifier A2, placed in the channel V6; 

- the receiver T2 with synchronous demodulation. 

The channel V3 of the calibration circuit is unchanged. It is 
coupled via the coupler C2 to the channel V6 between the amplifier A2 and 
15 the receiver T2. 

The channel V1 of the calibration circuit is divided into Q sub- 
channels by a first passive distributor D3, each sub-channel being in turn 
divided into P other sub-channels by a passive distributor D1(q), these PxQ 
sub-channels being coupled by couplers C1(p,q). Each coupler C1(p,q) is 
20 placed between the radiating element W(p,q) and the source M(p,q). 

An example is now described of the commands applied during the 
various measurements involved in a calibration of a source M(p,q). 

In order to perform the test measurement during a calibration of 

25 the reception mode of the source M(p,q), the switch K1 receives the 
command 0, the switch K2 receives the command 1, the switch K3 receives 
the command 1, the amplifier A1 receives the start command, the amplifiers 
A5(k) receive the stop command, the amplifier A2 receives the start 
command, the amplifier A4(p,q) receives the start command and the other 

30 amplifiers A4(k,l) receive the stop command, the amplifier A3(k,l) receive the 
stop command. 

In order to perform the interference measurement during a 
calibration of the reception mode of the source M(p,q), the amplifiers A4(k,l) 
all receive the stop command. The other commands remain the same as for 
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the test measurement. Consequently, the same commands are applied 
whichever source M(p,q) is being considered. 

In order to carry out the test measurement during a calibration of 
the transmission mode of the source M(p,q), the switch K1 receives the 
5 command 1, the switch K2 receives the command 0, the switch K3 receives 
the command 0 or 1, the amplifier A1 receives the start command, the 
amplifier A5(q) receives the start command and the other amplifiers A5(k) 
receive the stop command, the amplifier A2 receives the stop command, the 
amplifiers A3(p,q) receives the start command and the other amplifiers 
10 A3(k,l) receive the stop command, the amplifiers A4(k,l) receive the stop 
command. 

In order to carry out the interference measurement during a 
calibration of the transmission mode of the source M(p,q), the amplifiers 
A3(k,l) all receive the stop command. The other commands remain the same 
15 as for the test measurement. Consequently, different commands are applied 
when the index q changes. It is therefore necessary to carry out a minimum 
of Q interference measurements for the calibration of the transmission of the 
sources M(p,q). 

In order to perform the reference measurement, whether during a 
20 transmission or reception calibration, whichever source M(p,q) is being 
considered, the switch K1 receives the command 0, the switch K2 receives 
the command 1, the switch K3 receives the command 0, the amplifier A1 
receives the start command, the amplifiers A5(k) receive the stop command, 
the amplifier A3 receives the stop command, the amplifiers A3(k,l) and A4(k,l) 
25 of the sources M(k,l) receive the stop command. 

According to another embodiment, the passive distributors are 
replaced by microwave selectors. 

In order to select a source to be calibrated (when the calibration 
30 circuit is closed), the test signal can thus be directed toward this source by 
controlling the selectors accordingly, instead of sending a stop command to 
the other sources. 

In order to open the calibration circuit (interference measurement), 
the microwave signal can thus be directed toward a load, instead of sending 
35 a stop command to the other sources. 
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The invention is not of course limited to these exemplary 
embodiments. The architecture of the radar and/or of the calibration circuit 
may be different. The calibration circuit can be external to the radar. The 
5 number of distributors/selectors can be different. The calibration can be 
carried out at several frequencies and temperatures. 



